This study was focused on the generation of sulfate radicals and their applicability as powerful oxidants for degrading complex organic compounds with the final objective of operating in flow systems. To this end, the removal of two compounds from the pharmaceutical industry was assessed, lissamine green and prednisolone. Initially, sulfate radicals were generated by the activation of persulfate with iron as homogenous catalyst, and the key parameters involved in the process, as catalyst concentration and oxidant dosage, were evaluated. Furthermore, with the aim of preventing the secondary contamination due to metal leaching and to be operate in a continuous mode, a heterogeneous catalyst was developed. For it, the iron was fixed on a cationic resin as Amberlite IR120 Na + form. It was demonstrated that the removal of both pollutants increases with greater catalyst dosages, achieving a decay of 85% within 25 min with 30 g·L −1 of catalyst. Moreover, the reuse capability of the catalyst was tested, illustrating that it is rough enough for its reuse. Conversely, in order to develop a continuous treatment in flow system, a fixed bed reactor was constructed and its feasibility was proven. Different experiments with residence times from 10 min to 60 min were performed, obtaining a removal level of ≈95% and 90% for prednisolone and lissamine green, respectively, at residence time of 60 min. In conclusion, the potential of sulfate radicals-based technology for degrading organic contaminants has been demonstrated.
Introduction
Over the last decades, the development of industrial technologies, agricultural activities, population growth, and urban development have promoted the continuous release of organic compounds that have been classified as potential threat to the aquatic ecosystems and human health. Among the existing contaminants, emerging pollutants such as pharmaceutical products have been detected at low concentrations in wastewater treatment plants and they are becoming an increasing concern. Among them, the consumption of pharmaceutical products like lissamine green or prednisolone has been raising. This fact is due to the fact that lissamine green is used as vital stain, which stains membrane degenerate cells, dead cells, and mucus [1] , since it is much better tolerated than the premier dye for conjunctival staining Rose Bengal. In addition, due its anthraquinonic chromophore group and its wide use, this dye is considered as a harmful and recalcitrant contaminant. It has been used as a model pollutant in several studies [2] [3] [4] . Prednisolone is a steroid medication used in humans and veterinary to treat determined kinds of allergies, inflammatory conditions, cancers, and autoimmune disorders [5] . In the last years, the prednisolone consume is growing, being metabolically stable in the body and discharged rapidly via urine with uncharged forms or metabolite products. Consequently, prednisolone is ubiquitous in rivers and lakes detected at low concentration of ng·L −1 or µg·L −1 . In the literature, several studies reported the detrimental effects of prednisolone on various altered the mineral content, increasing the matrix breakdown, that induces an osteoporotic phenotype in regenerating scales of zebrafish [8] . Bal et al. [6, 9] reported the effect of prednisolone at low concentrations ranges (lower than 125 μg·L −1 ) in the egg masses of Physa acuta, which has a negative effect on growth, heart rate, and survival, as well as remarkable deformities in embryonic growth. Furthermore, the continual exposure of prednisolone at low concentrations (10 μg·L −1 ) alters several parameters, such as average time to first progeny, body length, or mean progeny size, and it is visually detected at early life stages of zebrafish (Danio rerio).
Nowadays, water quality is essential to human health, social and economic development, and the ecosystem. However, due to the global water scarcity, there is an absolute necessity to increase the wastewater reuse for human consumption. Thus, greater purity standards have to be reached to remove all these contaminants as pharmaceutical products, making possible a safe use of treated water [10] . For this reason, the wastewater must be carefully managed to achieve these standard levels. In this vein, a constant search for new wastewater treatment and technologies, more efficient and respectful with the environment, is required [11] .
In recent years, a great effort has been made to develop more friendly strategies to overcome this environment problem [12] [13] [14] . Advanced Oxidation Processes (AOPs) are known to be powerful procedures for the elimination of complex organic contaminants that the traditional processes are not capable to remove. These methods are based on the in situ production of mighty oxidants, such as hydroxyl radicals (HO • ), which attack the pollutants until their mineralization [15] . Lately, sulfate radicals-based technology has drawn the attention of scientific community [16, 17] . This is because the sulfate radicals (SO4 •− ), at neutral pH, show a reduction potential (2.5-3.1 V) higher than hydroxyl radicals (1.8-2.7 V), being more selective for oxidation. Likewise, they have a larger pH range (2.0-8.0) and considerably longer half-life period [18] . Sulfate radicals can be produced through activation of persulfate (S2O8 2− ; PS) or peroxymonosulfate (HSO5 − ; PMS). Up to date, it has been reported in literature that several systems are able to produce the activation of these species, such as the presence of transition metals, conduction electron, UV irradiation, ultrasound, and so on [19, 20] . Figure 1 shows some of these processes. Among all them, the addition of transition metal ions such as iron seems to be one of the best options to generate sulfate radicals [21] . Overall reactions involved in the generation of sulfate radicals from persulfate using iron-based catalyst are described by the following equations (Equations (1) and (2) 
The main limitation of this technology is the presence of metal ions in the effluents during and after the treatment. As is mentioned by Zhang et al. [23] , homogeneous transition metals catalysis or natural minerals containing iron (such as pyrite, goethite, magnetite) [24] not only cause pollution, but require high energy or chemical inputs and high operating costs. For this reason, potential future directions of the heterogeneous catalyst/PS or PMS system are proposed to further improve the understanding and sustainability of the system. However, this heterogeneous catalysis can cause secondary contamination due to metal leaching and is plagued by recovery problems. Recently, some researches have attempted Among all them, the addition of transition metal ions such as iron seems to be one of the best options to generate sulfate radicals [21] . Overall reactions involved in the generation of sulfate radicals from persulfate using iron-based catalyst are described by the following equations (Equations (1) and (2)) [22] :
The main limitation of this technology is the presence of metal ions in the effluents during and after the treatment. As is mentioned by Zhang et al. [23] , homogeneous transition metals catalysis or natural minerals containing iron (such as pyrite, goethite, magnetite) [24] not only cause pollution, but require Water 2019, 11, 1695 3 of 13 high energy or chemical inputs and high operating costs. For this reason, potential future directions of the heterogeneous catalyst/PS or PMS system are proposed to further improve the understanding and sustainability of the system. However, this heterogeneous catalysis can cause secondary contamination due to metal leaching and is plagued by recovery problems. Recently, some researches have attempted to fixed iron on porous materials using no complex fabrication procedures. In this case, the catalyst must be easy scale-up, increasing the activity and stability of the iron along the treatment with the possibility to operate in flow systems [25] [26] [27] .
Up to now, due the detrimental effects of both pollutants, several degradation processes were performed to remove lissamine green and prednisolone in aqueous environments [28, 29] . However, to our knowledge, the sulfate radical generated from persulfate has never been attempted in degradation processes by operation at bench scale and continuous mode.
In this context, the objectives of this study were the following: (i) to evaluate the potential use of persulfate as active oxidant in the treatment of pharmaceutical products as lissamine green and prednisolone, (ii) to synthetize a heterogeneous catalyst by immobilization of iron on a resin as amberlite, (iii) to determine the applicability of persulfate activation process by heterogeneous catalyst to the treatment of these contaminants at larger scale and (iv) to develop a flow treatment system capable to operate with high stability in continuous mode.
Materials and Methods

Chemicals
The target pollutants of this work were lissamine green and prednisolone (Sigma Aldrich, Madrid, Spain) ( Figure 2 ). Persulfate (Na 2 S 2 O 8 ) and iron (II) sulfate heptahydrate (FeSO 4 ·7H 2 O) were acquired from Sigma Aldrich in analytical grade. All reagents were employed without additional purification. Solutions were made employing purified water obtained from an AquaMax-Basic equipment. to fixed iron on porous materials using no complex fabrication procedures. In this case, the catalyst must be easy scale-up, increasing the activity and stability of the iron along the treatment with the possibility to operate in flow systems [25] [26] [27] .
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Homogeneous Catalysis Experiments
On the one hand, the homogeneous degradation of lissamine green was evaluated through the activation of persulfate at different iron levels (0-0.3 mM). These trials were performed in a cylindrical glass reactor of 0.25 L with 0.10 L of lissamine green solution (7.5 mg· L −1 ) [30, 31] and persulfate concentration was 1 mM. In order to analyze the dye concentration and pH, samples (0.5 mL) were taken regularly and were mixed with 20% methanol to stop the reaction. All the trials were carried out in duplicate, the averages were presented in the figures, and the standard deviation was below 5%.
Heterogeneous Catalysis Experiments
These trials were performed similarly to prior tests, in a cylindrical glass reactor of 0.25 L with a solution of lissamine green (7.5 mg·L −1 ) or prednisolone (25 mg·L −1 ). The experiments were assessed in duplicate with standard deviations below 5%. The catalyst concentration was optimised and the persulfate concentration was 1 mM. Based on the optimal conditions determined at flask scale, the system was scaled-up at bench-scale. For that purpose, a mechanically stirred tank was employed, operating with a 2-L Biostat B Braun (1.5 L working volume) using an impeller dual Rushton-type and equipped with a control unit. 
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Preparation of Heterogeneous Catalyst
The heterogeneous catalyst was made by fixing the iron by ion exchange on a cationic resin as Amberlite IR120 Na + form. The manufacturing process was performed by mingling 10 g of amberlite with a 0.36 M FeSO 4 ·7H 2 O solution. They were left in contact during 24 h, washing with distilled water and after that, heated in an oven at 50 • C to eliminate the moisture.
Catalyst Characterization
In order to realize the characterization of synthesized catalyst, a Scanning Electron Microscopy and Energy Dispersive Spectrometry JEOL JSM-6700F (SEM/EDS) were used to obtain the elemental composition and its distribution on the catalyst. The SEM is equipped with an EDS Oxford Inca Energy 300 SEM using an accelerating voltage of 20 kV. These analyses were done in the CACTI Electron Microscopy Service from University of Vigo.
Catalyst Reuse
The reuse of the catalyst was assessed by comparing the lissamine green profiles in 5 repeated reaction series where the catalyst was collected and recycled. To this end, after each series, the catalyst was recovered by filtration using a vacuum system. Next, it was submerged in distilled water and, after separation, dried at 50 • C. The recycled catalyst was added into a new lissamine green solution.
A new reaction experiment started by mixing all the components with equal concentration of persulfate under magnetic stirring, and the lissamine green removal was following along the reaction time. The assays were performed in duplicate with a standard deviation less than 5%.
Flow System Using a Fixed Bed Reactor
The performance tests operating in a flow system were carried out in a fixed bed reactor. The schematic diagram of the experimental system is shown in Figure 3 . For this study, the efficiency of the treatment was evaluated at several residence times, from 10 min to 60 min, using a solution of prednisolone (25 mg·L −1 ) and lissamine green (7.5 mg·L −1 ). These experiments were conducted in duplicate, the averages were presented in the figures, and the standard deviation was below 5%. The heterogeneous catalyst was made by fixing the iron by ion exchange on a cationic resin as Amberlite IR120 Na + form. The manufacturing process was performed by mingling 10 g of amberlite with a 0.36 M FeSO4·7H2O solution. They were left in contact during 24 h, washing with distilled water and after that, heated in an oven at 50 °C to eliminate the moisture.
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Lissamine Green Concentration
Lissamine green concentration decay was followed by a Jasco V-630 Spectrophotometer (Jasco, Madrid, Spain). For it, the area under the curve from 550 to 700 nm was measured [32] , and related to the pollutant concentration employing a calibration curve.
Prednisolone Concentration
The removal of prednisolone was followed by using the Agilent 1100-DAD detector Series HPLC (Agilent, Madrid, Spain) equipped with a C8 column (150 × 4.6 mm, i.d. 5 µm) ZORBAX Eclipse XDB-C8 (Agilent, Madrid, Spain), operating at room temperature. The mobile phase was water and acetonitrile and it was pumped by gradient elution for 20 min at 1 mL·min −1 . Before the injection, all samples were filtered through 0.45 µm PVDF filters. The column effluent was monitored spectrophotometrically at a wavelength of 246 nm.
Iron Concentration
The concentration of ferrous iron was spectrophotometric determined according to the 1,10-phenantroline method [33] using a Spectrophotometer Jasco V-630.
pH
The pH was evaluated along the treatments using a Fisher Scientific Accumet XL600 4 channel Benchtop Meters.
Kinetic Studies
Kinetic studies were performed to establish the model behaviour of the pollutant degradation depending on the conditions undertaken. With the software Sigma Plot version 7.101 (SPSS Inc.), the profiles of concentration of both pollutants were fitted to an adequate kinetic equation and the rate parameters were obtained. Based on the Marquard-Levenberg algorithm, this software uses an iterative method that seeks the values of the parameters to minimize the sum of the square differences between the observed and the predicted values.
Results and Discussion
Homogeneous Experiments
Firstly, the experiments using homogeneous catalyst were performed in the degradation of lissamine green. Due to the iron concentration is one of the most significant factors influencing the reactivity of persulfate, a series of trials was performed at different iron levels from 0 to 0.3 mM. As presented in Figure 4 , different removals were observed. It can be readily found that the profile of the system with and without iron is total different. It is shown that an increase of ferrous iron concentration for the activation of 1 mM persulfate resulted in a rise in the removal of lissamine green. These results are in accordance with previous studies that reported a similar behavior in the degradation of several pollutants such as lindane, methyl tert-butyl ether, or diuron [34] [35] [36] . Furthermore, a first stage is detected (5 min), in which higher removals take place in all the conditions tested. Similarly, Zhu et al. [37] determined that in five minutes almost 70% of iohexol was oxidized, that can be justified with the high initial concentration of ferrous iron and persulfate that produced a rapid generation of sulfate radical [38] . As it is demonstrated (Figure 4 ), in order to increase the pollutant removal rate, high concentrations of ferrous iron are required. However, at a level of Fe 2+ higher than 0.3 mM, the iron precipitation was detected in the medium causing operational problems. In addition, when high iron concentrations are used, large amounts of iron could be detected in the effluent, which is too difficult to recovery and highly influenced by the water composition and its pH [16] . To overcome these problems, a possible solution is the use of heterogeneous iron catalyst that permits to keep high levels of iron provoking the rapid generation of sulfate radical from persulfate avoiding the present of iron in the final effluent. Based on this, in this study, we focused our attention in the development of a low-cost catalyst by fixation of iron on a support material. Regarding the support selection, it should be cheap, non-toxic, non-biodegradable, stable against chemicals and temperature, and have high porosity and specific surface area. The last properties are of great interest in order to allow a desired diffusion. Based on this, in this work, iron was fixed by ion exchange on a cationic resin as Amberlite IR120 Na + form.
Lissamine Green Removal by Heterogeneous Catalysis
Metal transition-based heterogeneous catalysts have been established as useful for persulfate and peroxymonosulfate activation. Therefore, Günay and Ç imen [39] stated that iron porphyrin tetrasulfonate (FePTS) immobilized in an anion exchange resin Amberlite IRA-900 is an effective activator for peroxymonosulfate. They figured out that the supported catalyst has a positive effect on the stability of FePTS over one more cycle, but reduced the conversion of 2,4,6-trichloropenol with a slower reaction rate in comparison to the obtained results in homogeneous reaction. In this work, the use of a heterogeneous catalyst obtained by iron fixation on Amberlite IR120 Na + form was proposed, and the effect of catalyst load in the degradation process of lissamine green was evaluated and compared with the results obtained when ferrous iron was used.
At first, the morphology and chemical characterization of the catalyst were evaluated as was mentioned in materials and methods section using SEM/EDS. Following to the assembling of iron on the amberlite surface, the resin became dark brown-colored spheres, confirming that the amberlite surface had been altered. Thus, the catalyst surface exhibited a higher roughened surface as many thin particles and fine layers than raw material ( Figure 5 ). The assessment of catalysts by EDS shows that retain relevant amounts of iron, around 30%, with homogenous distribution ( Figure 5 ). As it is demonstrated (Figure 4) , in order to increase the pollutant removal rate, high concentrations of ferrous iron are required. However, at a level of Fe 2+ higher than 0.3 mM, the iron precipitation was detected in the medium causing operational problems. In addition, when high iron concentrations are used, large amounts of iron could be detected in the effluent, which is too difficult to recovery and highly influenced by the water composition and its pH [16] . To overcome these problems, a possible solution is the use of heterogeneous iron catalyst that permits to keep high levels of iron provoking the rapid generation of sulfate radical from persulfate avoiding the present of iron in the final effluent. Based on this, in this study, we focused our attention in the development of a low-cost catalyst by fixation of iron on a support material. Regarding the support selection, it should be cheap, non-toxic, non-biodegradable, stable against chemicals and temperature, and have high porosity and specific surface area. The last properties are of great interest in order to allow a desired diffusion. Based on this, in this work, iron was fixed by ion exchange on a cationic resin as Amberlite IR120 Na + form.
Metal transition-based heterogeneous catalysts have been established as useful for persulfate and peroxymonosulfate activation. Therefore, Günay and Çimen [39] stated that iron porphyrin tetrasulfonate (FePTS) immobilized in an anion exchange resin Amberlite IRA-900 is an effective activator for peroxymonosulfate. They figured out that the supported catalyst has a positive effect on the stability of FePTS over one more cycle, but reduced the conversion of 2,4,6-trichloropenol with a slower reaction rate in comparison to the obtained results in homogeneous reaction. In this work, the use of a heterogeneous catalyst obtained by iron fixation on Amberlite IR120 Na + form was proposed, and the effect of catalyst load in the degradation process of lissamine green was evaluated and compared with the results obtained when ferrous iron was used.
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where C is the pollutant concentration (mg·L −1 ) along the treatment time (t, min) and k obs is the kinetic coefficient for the pseudo-first order reaction (min −1 ). The rate constant values for the lissamine green removal are shown in the Table 1 . It is noted that the values of k obs increased when the catalyst load is augmented. To determine the maintaining catalytic activity of this iron catalyst along the time, five-cycle experiments were performed under determined optimal conditions (30 g·L −1 of catalyst). These results, showed in Figure 7 , proved the great recyclability and reusability of the persulfate catalyst methodology. The final removal effectiveness in the fifth cycle was still kept at similar high level (higher than 90% in 20 min). These facts were also supported by the low levels of iron that leached from the catalyst with concentrations of iron lower than 0.1 mg·L −1 in the initial batches. where C is the pollutant concentration (mg·L −1 ) along the treatment time (t, min) and kobs is the kinetic coefficient for the pseudo-first order reaction (min −1 ). The rate constant values for the lissamine green removal are shown in the Table 1 . It is noted that the values of kobs increased when the catalyst load is augmented. To determine the maintaining catalytic activity of this iron catalyst along the time, five-cycle experiments were performed under determined optimal conditions (30 g·L −1 of catalyst). These results, showed in Figure 7 , proved the great recyclability and reusability of the persulfate catalyst methodology. The final removal effectiveness in the fifth cycle was still kept at similar high level (higher than 90% in 20 min). These facts were also supported by the low levels of iron that leached from the catalyst with concentrations of iron lower than 0.1 mg·L −1 in the initial batches. One of the cornerstones of AOPs degradation processes denotes the problems faced in operating with high volumes of wastewater. Hence, the section of suitable heterogeneous catalyst strategy could be a valuable tool to avoid metal washout and to offer high catalyst activity maintaining its degradation levels. In order to elucidate the real efficiency of this process on a larger scale, three-cycle experiments were performed in a stirred tank reactor of 1.5 L of volume. As is shown in Figure 8 , the obtained results confirm the reuse capability of this system. The lissamine green removal did not decrease from the first to the other batches. Therefore, it is notable that the reactor was able to work in batch mode treating successive volume of lissamine green in a reactor of 1.5 L without operational problems, keeping a high catalyst activity that allows achieving high reduction percentages in similar times. Thus, the obtained results confirmed that the synthetized catalyst is rough enough to be used again. Furthermore, a SEM study accomplished on the iron catalyst recovered after the last cycle showed that the mean size of the amberlite and the iron percentage were nearly the same, discarding a possible partial destruction of the amberlite due to the dual Rushton-type impeller used by the One of the cornerstones of AOPs degradation processes denotes the problems faced in operating with high volumes of wastewater. Hence, the section of suitable heterogeneous catalyst strategy could be a valuable tool to avoid metal washout and to offer high catalyst activity maintaining its degradation levels. In order to elucidate the real efficiency of this process on a larger scale, three-cycle experiments were performed in a stirred tank reactor of 1.5 L of volume. As is shown in Figure 8 , the obtained results confirm the reuse capability of this system. The lissamine green removal did not decrease from the first to the other batches. Therefore, it is notable that the reactor was able to work in batch mode treating successive volume of lissamine green in a reactor of 1.5 L without operational problems, keeping a high catalyst activity that allows achieving high reduction percentages in similar times. Thus, the obtained results confirmed that the synthetized catalyst is rough enough to be used again. Furthermore, a SEM study accomplished on the iron catalyst recovered after the last cycle showed that the mean size of the amberlite and the iron percentage were nearly the same, discarding a possible partial destruction of the amberlite due to the dual Rushton-type impeller used by the stirred tank reactor. These results confirm the adequate support selection showing an appropriate mechanical strength. 
Continuous Treatment in a Fixed Bed Reactor
Notwithstanding the foregoing results operating in a stirred tank reactor, the treatment of large quantities of wastewater with relatively small site requirements have significant importance. The selection of an adequate reactor is inextricably linked with the requirements and characteristics of the process and the engineering aspects. When working in continuous mode, abrasion of the catalyst and production of very fine particles may occur at elevated treatment times, which requires the separation of the catalyst. This represents high costs and further operational time. For this reason, the operation at a bench-scale fixed bed reactor was then approached.
Based on the good results obtained in the lissamine green removal, more studies were performed using as a pollutant other pharmaceutical compound found in wastewater at higher levels as prednisolone. Firstly, the effect of the initial persulfate concentration was evaluated operating at catalyst load of 30 g·L −1 for both pollutants. As an example, the prednisolone removal is shown in Figure 9 . It can be said that the contaminant removal was greatly accelerated with the increasing oxidant concentrations ranging from 0.1 to 1 mM, which was due to the increasing generation of sulfate radicals. This behavior is in accordance with previous studies that reported the relationship between the increase of oxidant concentration and the persulfate concentration [40] . 
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catalyst load of 30 g·L for both pollutants. As an example, the prednisolone removal is shown in Figure 9 . It can be said that the contaminant removal was greatly accelerated with the increasing oxidant concentrations ranging from 0.1 to 1 mM, which was due to the increasing generation of sulfate radicals. This behavior is in accordance with previous studies that reported the relationship between the increase of oxidant concentration and the persulfate concentration [40] . Hereafter, the experiments with the fixed bed reactor were carried out with both pollutants. This reactor was filled with glass beads (diameter of 7 mm) and 3 g of catalyst with the aim of approaching to an ideal plug flow model and good liquid distribution along the fixed bed. At this scale, the importance of the inlet flow rate must be stressed, as the residence time should be much higher than the removal rate recorded at flask scale. To determine the influence of the reaction time on the activity and stability of the catalytic action of the iron amberlite, the removal of prednisolone and lissamine green was carried out in a flow-system working at different solution flux. In all cases, each steady state was maintained for at least 3 times the residence time.
Considering a hydrodynamic behavior of plug flow model along a fixed reactor and a pseudo-first order kinetic (with kinetic constants of 0.0549 min −1 and 0.0928 min −1 for prednisolone and lissamine green, respectively) an exponential model that relates the pollutant concentration in the outlet effluent and residence time was considered (Equation (4)).
where C 0 is the pollutant concentration at initial time (25 mg·L −1 and 7.5 mg·L −1 for prednisolone and lissamine green, respectively), k obs is the pseudo-first order kinetic, and τ is the residence time (min). To confirm the model for its application in a flow-system, the comparison between the experimental data and the obtained values from model have been carried out in Table 2 . In all cases, the deviation between experimental data and theoretical data considering ideal behavior is clear. These results indicated that the hydrodynamic behavior of flow along a fixed reactor cannot be assumed as ideal plug flow model behavior. Notwithstanding, in both cases the removal degree increases with the residence time raised. Thus, removal levels of approximately 95% and 90% were achieved for prednisolone and lissamine green, respectively when the system operated at residence time of 60 min. Table 2 . Experimental and theoretical levels of lissamine green and prednisolone removal at different residence times. After the flow-system experiments, the iron catalyst was evaluated using SEM images in order to determine the changes suffered on the surface that can affect the morphology of the particles. Similarly, to the previous experiments, the catalyst is rather robust without any operational problems, being able to treat high volume of wastewater using a small reactor.
Conclusions
In this work, the removal of two pharmaceuticals compounds (lissamine green and prednisolone) through sulfate radicals-based technology was assessed. Thus, the production of sulfate radicals was accomplished by activating the oxidant persulfate with iron. In order to evaluate the effectiveness of the process, homogeneous and heterogeneous catalysis were carried out and the essential parameters, such as iron concentration and persulfate dosage, were evaluated. Experimental trials of both pollutants at lab scale achieved 85% of degradation within 25 min with 30 g·L −1 of catalyst and persulfate 1 mM. Moreover, the reuse capability of the catalyst was performed with the optimal conditions. To this effect, several cycles were carried out at lab scale and in a reactor of 1.5 L. Based on the results, it can be said that the catalyst is rough enough to be used in this system. Besides that, the operation at a bench-scale in a fixed bed reactor was accomplished. Different residence times were evaluated and it was demonstrated that this continuous treatment is feasible from an enginering and enviromental point of view. 
